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Reduced Form of Coenzyme Q in High Bioavailability 
Stable Dosage Forms And Related Applications 

Field of the Invention 

The present invention relates to a reduced form of Coenzyme Q also known as 
Ubiquinol in a gelatin capsule, preferably a soft gelatin capsule, in oral administrable form as 
well as other forms. Compositions according to the present invention exhibit unexpectedly 
high bioavailability of the reduced (active antioxidant) fbmi of Coenzjone Q. These 
compositions can be used to treat numerous conditions or disease states including, for 
example, those conditions or disease states which are associated with oxidative tissue damage 
or mitochondrial dysfunction, including reduced mitochondrial oxidative function, 
mitochondrial encephalomyolopathies, cardiomyopathies, heart disease, expecially including 
congestive heart failure, ischemia/reperfusion tissue damage, neurodegenerative disorders, 
including Al2iieimer*s disease, dementia and Paridnson's disease, high blood pressure, 
periodontal disease, a weakened immune system and high cholesterol or high triglycerides, 
among numerous others.. In fact, the compositions can be used to treat any disease state or ' 
condition in which coenzyme Q^o is used but is less than ideally suited because of its low 
bioavailablity. 

Background of the Invention 

The use of dietary supplements has become an increasingly common approach to 
obtaining and maintaining good health. One of these dietary supplements. Coenzyme Q, is a 
vitamin-like substance which is used to treat congestive heart failure and other cardiac 
problems. Coenzyme Q is the best known of a group of Hpophilic quinones which have the 
capacity to transfer reducing equivalents or electrons within a lipid phase of cellular 
membranes. Other quinones of this general lipophilic type foimd in cells are of diverse 
species. A few include, for example, rfaodoquinone, menaquinone, plastoquinone, 
chiorobiumquinone, themioplasmaquinone and phylloquinone. See, Collins. 1985. Methods 
in Micobiol. 1 8: 329-36^0. It is postulated that the diene dione chemical stmcture of these 
compoxmds provides a platform for the transfer of one or two electrons and associated protons 
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withia the lipid bilayers of ceils or to and from hydrophobic redox centers in proteins. 

Reduced benzoquinones in general are effective reductants for oxygen or lipid 
radicals. Eaiiy studies showed that reduced coenzyme Q is an effective antioxidant. See, 
Mellois and Tappel, 1996, J. Biol. Chem.> 241: 4353-4356. Reduced coen^mie Q now 
appears to function as part of a complex chain of antioxidant activity. The most important 
role of coenzyme Q can be m reduction of radicals of a-tocopherol and ascorbate formed 
when these antioxidants are oxidized by oxygen or carboxyl radicals. There are no enzymes 
for direct reduction of tocophecyl radical or external ascorbate radical, but there are enzymes 
in all membranes which can reduce coenzyme Q and the reduced coenzyme Q can reduce the 
tocopheryl or ascorbate radicals to restore tocopherol or ascorbate. Wifliout the support of 
enzymes to reduce coenzyme Q, the reduced coenzyme Q woiild not be a very effective 
antioxidant because the semiquinone formed by interaction with lipid or oxygen radicals is 
readily autooxidized with formation of a superoxide radical 

The enzymes involved in coenzjrme Q reduction are the primary dehydrogenases for 
succinate. NADH or other substrates in mitochondria, the NADH cytochorome b^ reductase 
in endo and plasma membranes and DT diaphorase or NADPH d^ydrogenase enzymes 
primarily located in the cytosol. Villalbe, et al., Proc. NatL Acad. ScL 92:4887-4891 (1995); 
Beyer, et al., Molec, Aspects Med. , 18(S): 15-23 (1997); and Kishi, et aL, Molec, Aspects 
Mgda.l8(S): 71-77 (1997). 

Coenzyme Q in endo membranes or plasma membranes is extensively in the reduced 
form, most of the coenzyme Q in total rat and human tissue is in the reduced form and most 
of the coenzyme Q in serum is in the reduced state. See, Takahashi, et al,. Lipids. 28: BOS- 
SOP, (1993); Aberg, et al., Arch. Biochem> Biophvs.. 295: 230-234 (1992); and Yamamoto 
and Yamashita, Molec. Aspects Med.. 18 (S) (1997). 

Studies performed to date have not focused on the diff^ential uptake and 
bioavailability of one fotm of coenzyme Q versus anottier form of coenzyme Q. Nor has the 
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art recognized the desirability of using ubiquinol as an active pharmacological agent to 
enhance the bioavailabiUty of coenzyme Q Scorn oral and other formulations. 

Objects of the Invention 

It is an object of the invention to provide storage stable compositions for 
administering a reduced form of coenzyme Q. 

It is an additional object of the invention to provide a method for enhancing the 
bioavailability of coenzyme Q to patients by administering efiFective amounts of coenzyme Q 
in a reduced form. 

It is also an object of the present invention to provide an economical means for 
making ubiquinol-containing compositions firom the more readily available and economical 
coenzyme Qio (Ubiquinone). 

It is an additional object of the invention to provide methods of treating or reducing 
the effects of a number of disease states or conditions. 

It is yet another object of the invention to provide compositions which contain 
ubiquinol, a reducing agent and optionally, a therapeutic reducing agent in order to provide 
effective compositions for the prevention and treatment of a number of disease states^ 
conditions or ailments. 

One or more of these and/or other objects of the present inv^tion may be readily 
gleaned from the detailed description of the invention which follows. 

Summary of the Invention 



The present inv^tion relates to novel storage stable compositions in dietary 
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sxq)plement, cosmetic or pahnnaceutical dosage form (preferably oral dosage form) 
comprising effective amounts of ubiquinol, a reduced form of coenzyme Q, in combination 
with an amount of a lipid soluble reducing agent effective to maintain ubiquinol in its reduced 
state when preferably formulated in a soft gelatin capsule. Compositions according to the 
present invention may be used for treatment of heart ailments and diseases such as congestive 
heart &ilure, high blood pressure, mitochochondrial disorders^ including mitochondrial 
cytopathies including wicephalomyopathy, Keams-Sayre and Alpers disease, mitochondrial 
encephalopathy with lactic acidosis aiui stroke-like episodes (MELAS), Levers hereditary 
optical neuropathy (LHON), anoxia, lactic acidosis, stroke-like symptoms and 
neurodegenerative diseases. Compositions according to the present invention may also be 
used to deter and/or treat periodontal disease, as well as lower elevated cholesterol levels in 
patients and to strengthen a weakened immune system as well as regulate (generally by 
reducing) the triglycerides in the blood. In addition, the use of ubiquinol to aid in the 
prevration of reperfusion injury of the heart is another potential use of the present invention. 
Compositions according to the present invention may optionally comprise an effective 
amount of a therapeutic reducing agent or other therapeutic agent which acts to enhance the 
ejSects of ubiquinol (in some cases, synergistically) in treating or reducing the effects of a 
disease state, condition or ailment. Metiiods of treating or reducing the effects of a disease 
state, condition or aihn^t using the compositions according to the present invention are also 
contemplated by the preset invention. 



Prefeiied therapeutic agents for inclusion in compositions according to the present 
invention may include, for example, HMO CoA reductase inhibitors such as the statin drugs, 
including, for example, lovastatin, pravastatin, fluvastatin, simvastatin, mevastatrn, 
fluindostatin, atorvastatin, cerivastatin, compactin among others, for their cholesterol and 
LDL lowering, and triglyceride regulating effects, L-camitine, acetyl L-camitine and 
propionyl L-camitine; alpha lipoic acid (thioctic acid) or reduced alpha lipoic acid; omega-3 
fatty acids, tocotrienols and tocopherols. Whereas the statin dmgs are included in 
compositions according to the present invention to produce down regulation of cholesterol 
and triglyceride levels, the combination of ubiquinol and the statin dmgs is particularly 
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effective for benefitting heart patients especially those with ischemia, ischemic or dilated 
cardiomyopathy, or those patients at risk for suffering a first or subsequent heart attack or 
who are at risk of having a stroke. Compositions which comprise effective amounts of L- 
carnitine, acetyl-L-camitine and propionyl L-camitine are also particularly useful for treating 
patients with anoxia, including myocardial anoxia and cerebellar anoxia, among others. 
Compositions which comprise ubiquinol and alpha lipoic acid (tbioctic acid) are particularly 
usefiil for influencing glucose metabolism and treating diabetes^ as well as enhancing a 
patient's immune response as well as reducing inflammation. Compositions according to the 
present invention which include omega-3 fatty acids are especially use&l in treating coronary 
disease as well as substantially reducing the risk that a patient at risk will suffer a first or 
subsequently heart attack. In addition, such compositions are usefiil in down regulating 
triglycerides in the blood. Con^sitions according to the present invention which include 
tocotrienols and/or tocopherols are useful for reducing cholesterol levels in patients and 
treating patients with heart disease including those patients at risk for suffering a first or 
subsequent heart attack or who are at risk of having a stroke. 

Compositions according to the present invention are particularly effective because the 
ubiquinol is presented in a form which promotes exceptionally high bioavailability, thus 
producing excellent pharmacokinetics with more agent being delivered to the active site 
within the patient. 

It is an unexpected result that formulations comprising ubiquinol in soft or hard gel 
c£^sules, when administered to patients, exhibit a bioavailability of ubiquinol which is 
substantially greater than when ubiquinone is administered in oral dosage form, preferably 
soft gel capsule form* Thus, the present compositions also represent a method for 
substantially enhancing the bioavailability of Coenzyme Qio in the patient's blood stream of 
an orally administrable form of ubiquinol. The enhanced bioavailability of compositions 
according to the present invention translates into effective treatments for numerous disease 
states, conditions or ailments including, for exampe, those conditions or disease states which 
are associated with oxidative tissue damage or mitochondrial dysfimction, including anoxia. 
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reduced mitochondrial oxidative function, mitochondrial cytopathies, cardiomyopathies, 
heart disease, expecially including congestive heart failure, ischemia/reperfusion tissue 
damage, neurodegenerative disorders, including Alzheimer's disease, dementia and 
Parkinson's disease, high blood pressure, periodontal disease, a weakened immune system 
and high cholesterol or high triglycerides, among numerous others. In certain preferred 
embodiments, compositions according to the present invention may include additional 
therapeutic agents, for example, statin drugs, L-camitine, acetyl-L-camitine and propionyl L- 
camitine, carnitine fumarate, omega-3 fatty acids or tocotrienols and/or tocopherols which are 
especially useful for treating individuals with heart disease and for reducing the likelihood 
that a patient at risk will suffer a first or subsequent heart attack. 

In addition to oral dosage forms of ubiquinol, the present invention also contemplates 
compositions which may be used as topically administered creams or lotions for the treatment 
of wrinkles and other conditions of the sldn (dermal conditions) where coenzyme Q exhibits 
an effect, suppositories for rectal or vaginal administration of ubiquinol, lozenges, gum, 
moudi rinse and toothpaste formulations, the gum and toothpaste forms especially for use in 
treating and/or preventing periodontal disease. 

DetaQed Description of the Invention 

The term "coenzyme Q" or **ubiquinone'* is used throughout the present specification 
to describe a group of lipid soluble benzoquinones involved in electron tranq)ort in 
mitochondrial preparations, Le., in the oxidation of succinate or reduced nicotine adenine 
dinucleotide (NADH) via the cytochrome system. According to the existing dual system of 
nomenclature, the compounds can be described as: coenzyme where n is 1-12 or 
ubiquinone (x) in which x designates the total number of carbon atoms in rthe side chain and 
can be any multiple of 5. Differences in properties are due to to the difference in the chain 
length. The preferred ubiquinone for use in the present invention is the reduced form of 
coenzyme Qio (Ubidecarenone) or ubiquinol. 
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Coenzyme Q^o (n=10) 
Ubiquinone 



The tenn "ubiquinol" is used throughout the specification to describe the reduced 
form of coenzyme Q which is used as the active ubiquinone in compositions according to the 
present invention. In ubiquinol, the quinone ring of coenzyme Q is reduced such that the 
stmcture of the compound appears as set fortli below. In ubiquinol, n is preferably 10 and is 
dCTived firom coenzyme Q,o . The amount of ubiquinol which is included in compositions 
according to the present invention ranges from about 0. 1% to about 50% by weight of the 
jQnal composition which is encapsulated in a soft gelatin c^sule, more preferably about 0.5% 
to about 10% by weight, even more preferably about 1% to about 5% by weight- The 
amount of ubiquinol which is included in compositions to be encapsulated ranges from about 
0.1 to about 10.0 times, more preferably about 1 to about 3 times the amoimt (in weight 
parent) of the lipid soluble reducing agent which is included in compositions according to 
tiie present invention. 
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CH3 



# t 



wo 01/52822 PCTAJSOl/0 1997 



Ubiquinol (n=10 preferred) 

The term "reducing agenf ' is used tfaroughout the specification to describe 
pharmaceutically acceptable reducing agents which are added to the compositions according 
to the present invention in effective amounts to convert ubiquinone to ubiquinol during 
manufacturing and/or to substantially reduce oxidation of ubiquinol to ubiquinone 
(Coenzyme Q) during manufacturing and/or storage of the oral or other dosage forms of 
compositions according to the present invention. Preferred reducing agents include any 
reducing agent which is compatible with ubiquinol in pharmaceutical form and is capable of 
providing the requisite reducing activity to stabilize ubiquinol for storage. Preferred reducing 
agents for use in the present invention, include, for example, reduced glutathione, L-cysteine, 
N-acetyl cysteine, reduced alpha-lipoic acid (DHLA), tocotrienols, tocopherols, including 
vitamin E and vitamin E esters, vitamin c (ascorbate) and vitanun c esters, vitamin A (retinol, 
retinoic acid) and vitamin A esters, carotenoids, including alpha carotene, beta carotene, 
lutein, zeaxanthin, astaxanthui, lycopene, flavonoids, L-camitine, acetyl L-camitine, 
propionyl L-camitine, magnesiuno, zinc, selenium, manganese, riboflavin, niacinamide, 
curcuminoids, proanthocyanidins fix>m grape seed extract and pine bark extract, NADH, 
NADPH, resveratrol, bilberry extract, milk thistle extract and omega-S-fatty acids ftom for 
example, fish oils and marine Upid concentrate). Preferably, the reducing agent is a lipid 
soluble reducing agent for example, a-tocopherol (vitamin E), tocopherol esters, ascorbate 
esters such as ascorbyl palmitate, among others, alpha carotene and p-carotene, lycopene, 
flavonoidSy riboflavin, curcimiinoids, retinol (Vitamin A), retinoic acid, retinoic acid esters, 
retinol acetate, retinal and related reducing agents, preferably those which may also be used 
as additives in dietary supplements. While not being limited by way of theory, it is beUeved 
that the inclusion of a lipid soluble reducing agent, including lipid soluble reducings agents 
which are also biologically active, is preferred because such a composition provides a 
reducing agent which will most greatly compatibilize with the ubiquinol, resulting in reduced 
oxidation of the ubiquinol, thus producing greater stability. Preferred lipid soluble reducing 
agents are those which are also soluble in the solvents (such as a polyhydric alcohol glycerine 
or propylene glycol) which may be used to prepare hydrosoluble compositions coirq>rising a 
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reducing agent and ubiquinoL A lipid soluble reducing agent for use in the present invention 
comprises about 0.05% to about 25% by weight of the composition which is included in soft 
gelatin c^sules, more preferably about 1% to about 15% by weight. The ratio of reducing 
agent to ubiquinol in compositions according to the present invention genially ranges fix>m 
aboutO.Irl toabout 10:1, more preferably about about 1:5 to about 5:1, more preferably 
about 1 : 1 to about 3 : h In embodiments according to the present invention which rely on an 
m situ preparation of ubiquinol fixjm ubiquinone, the amoxmt of reducing agent which is used 
in the reduction reaction is preferably an excess of that amount required for the reduction 
reaction. The remaining reducing agent may then be incorporated into the final formulations 
in Older to promote ttie storage stability of the ubiquinoL 

While not being Umited by way of theory, it is believed that effective concentrations 
of reducing agents convert substantially all ubiquinone to ubiqxiinol during manufacturing in 
an efficient method for preparing ubiquinol. In other embodiments, effective concentrations 
of reducing agents also prevent ubiquinol from being oxidized to ubiquinone, or alternatively 
reduce any ubiquinone which has been oxidized jfrom ubiquinol during storage of the 
compositions according to the present invention. 

The terax **therapeutic reducing agent" is used to describe those reducing agents which 
are reducing agents for use in the preset invention and which may also be used as additives 
in dietary suppl^ents or alternatively, as therapeutic agents to effect or aid in producing an 
intended biological result. 

The temi "solvent" is used throughout the specificafion to describe a liquid into which 
the ubiquinol and reducing agent is at least partially solubilized, either alone or preferably in 
combination with a surfactant as otherwise described herein, is added. Solvents for use in the 
present invention include any hydrophilic solvent which is pharmaceutically acceptable and 
which can be used as a solvent, which alone, or ui combination with surfacants as otherwise 
described herein, dissolves ubiquinol and the reducing agent. Preferred solvents for use in the 
present invention include ethanol and "polyhydric alcohols" a term which is used throughout 
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the present invention to describe any one or more pharmaceutically compatible polyhydric 
alcohol compounds which are used to solubilize ubiquinol and the reducing agent used in 
compositions according to the present invention. Polyhydric alcohols which may be used in 
the present invention include, for example, glycerin (glycerol), propylene glycol and 
mixtures, thereof. The amount of solvent which is used in the preset compositions ranges 
fix>m about 0.25% to about 50% by weight, preferably about 1% to about 25% by weight, 
even more preferably about 1.5% to about 15-20% by weight. 

The term "surfectanf ' or "emulsified' is used interchangeably to describe preferred 
additives to conapositions according to the present invention. Sur&ctants are sohibilizers 
(such term being used to describe a compound, including a surfectant, emulsifier, vegetable 
oil or solvent, among others in the present invention) which renders ubiquinol and the 
reducing agent soluble) which are used to promote the solubility of the ubiquinol and the 
reducing agent in the polyhydric alcohol. These may be used alone or in combination with a 
solvent and/or a vegetable oil. The amount of sxulactant used in the present invention ranges 
from about 0.1% to about 95% by weight, more preferably about 1.5% to about 95%, 
preferably about 5% to about 90% by weight Surfactants for use in the present invention are 
pharmaceutically acceptable and include, for example, complex esters or ester-ethers prq[>ared 
from hexahydrio alcohols, alkylene oxides and fatty acids. Surfactants which ^st in the 
liquid state at temperatures at or less than formulation temperature (generally, about SO^'C or 
less, more preferbly about 50-60°) are preferred because tfaey can also function as co-solvents 
or co-solubilizeis in the present compositions. Exemplary surfactants include Span*" 
surfactants and Tween^"* (polysoibate) surfactants, which are well-known in the art for use as 
stabiUzers, surfactants, emulsifiers and thicken^s in foods, cosmetics and medical products, 
among others. Preferred surfactants are those which are in a liquid state during fomiulation 
such that the surfactant may also function as a solubilizer (ie,, it has solvent-like properties). 
A mixture of surfactants, including a mixture of Span^ and Tween^ surfectants, most 
preferably. Span*™ 80 and Tween^ 80, is preferred for use in the present invention. 

The Span*™ surfactants are partial esters of conunon fatfy acids, such as lauric acid. 
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palmitic acid, stearic acid and oleic acids and hexitol anhydrides such as hexitans and 
hexides, derived from sorbitol (see below). In the case of Span 20, the sorbitan fiitty ester is 
based upon laurate ester. In the case of Span 60, the ester is based upon stearate ester and in 
the case of Span 80^ the ester is based upon oleic ester. The hydrophilic character of the 
Span*" sur&ctants is supplied by free hydroxyl and oxyethylene groups, while ttie lipophilic 
character is provided by the long chain fetty groiq)s. The Span*" surfactants tend to be oil 
soluble and dispersible or insoluble in water. Howevw, these surfactants work in tandem 
with the more water soluble polyhydric alcohol to provide a soluble ubiquinol for soft gel 
formulations according to the present invention. The use of Span. 80 in formulating 
compositions according to the present mvention is preferred. 




Span 

The Tween*°* or polysorbate type surfactants are oleate esters of sorbitol and its 
anhydrides copolymerized with a number of moles of ethylene oxide per mole of sorbitol and 
sorbitol anhydride. The Tween^™ or polysorbate type surfactants are derived from Span^ 
materials by polymerizing polyoxyethylene groups onto the nonesterified alcohols. The 
Tween*™ surfactants are soluble or well dispersible in water. Preferred Tween*" surfactants 
include a sorbitan mono-9-octadecenoate poly(oxy-l^-etheandiyl) derivative otherwise 
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known as Tween?" 80 or Polysorbate 80. 



H0(QH40 )w ,,.(OC2H40),OH 

CH(OC2H40)yOH 

H2C(OC2H40>kR 



Polysorbate 80 
Thesumofw,x,y andzis20 and R= C17H35CO 

The term *triglycerides" or "vegetable oil" is used throughout the specification to 
describe an additive in compositions according to the present invention which may serve as a 
solubilizer or a compatibilizer. This term is used as it is used by those of ordinary skill in the 
art, wherein fatty acids are esterifed at the free hydroxyl positions of glycerine, producing 
triglycerides, which are also the primary component of vegetable oils. Preferred triglycerides 
for use in the present compositions include vegetable oils including '"medium chain 
triglycerides", which are tri-fatty esters of glycerol wherein the chain length of the fatty acids 
range from about 8-18 carbon units, preferably about 8-12 carbon units. These triglycerides 
are used as solubilizers, diluents and excipients, to compatabilize the formulations and 
promote uniformity. 

Vegetable oils for use in the present invention may include, for example, tri- 
glycerides which may be natural or synthetic (derived from esterification of glycerol and at 
least one organic acid, saturated or unsaturated, such as for example, such as butyric, caproic, 
palmitic, stearic, oleic, linoleic or linolenic acids, among numerous others, preferably a fetty 
organic acid, comprising between 8 and 26 carbon atoms). Glyceride esters for use in the 
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present invention include vegetable oils derived chiefly from vegetables, seeds or nuts and 
include, for example, soybean, sunflower, safflower and cottonseed oil; non-drying oils, for 
example castor and coconut oil; and other oils, such as, for example palm oil. Hydrogenatcd 
(such tenn preferably including partially hydrogenated) vegetable oils also may be used in the 
present invention- Animal oils are also contemplated for use as glyceride esters and include, 
for example, fets such as tallow, lard and stearin and liquid fats, such as fish oils, fish-liver 
oils and other animal oils, including sperm oil, among niimerous others. In addition, a 
number of other oils may be used, including C,2 to C30 (or higher) fetty esters (other than flie 
glyceride esters, which are described above) or any other pharmaceutically acceptable 
triglyceride. 

Phosphoglyccrides, generally related to triglycerides in that they contain two fetty 
acid residues and a phosphate ester (generally, a diester) group off of the three hydroxyl 
groups of glycerine may also be added, alone or in combination with the triglycerides to help 
compatabilize or solubilize the reducing agent and/or the ubiquinone and/or ubiquinoL The 
phosphoglyerides may be added for their intrinsic dietary supplement value (for building 
mtiscle and nerve tissue, among oih&r functions). These compounds may be included in 
compositions according to the preseat invention in amounts ranging firom about 0.25% to 
about 60% by weight, preferably about 0.5% to about 35% by weight. 

The term "storage*' is used to describe compositions according to the present 
invention wh^eby the amount of ubiquinol in a composition after a storage period is at least 
about 90% by wei^t the total amount of ubiquinones (which includes ubiquinol and 
ubiquinone or coenzyme Qio) within the composition. A storage period for purposes of the 
presCT^t invention is at least about one day to one week, preferably at least about 30 days 
(about 1 month), more preferably at least about 2 months, even more preferably at least about 
6 months and even more preferably at least about 1 year or, in certain cases, even longer. 

The term '•patient" or "subject" is used throughout the specification to describe an 
flfiimfil^ in most instances a human, to whom administration of the compositions according to 
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the present invention is provided. 

The term "effective amount" is used throughout the specification to describe 
concentrations or amounts of compounds according to the present inventioa which may be 
used to produce a fevorable result, ^^ether that result relates to a composition's therapeutic 
or physiological effect or its ability to function as a reducing agent to convert ubiquinone to 
ubiquinol during manufacturing or to prevent and/or limit the change in or oxidation of the 
ubiquinol or to flmction as a solvent in compositions according to the present invention. 

The terai "hydrosolubie" is used throughout the specification to describe preferred 
compositions according to the present invention which are encapsulated in a hard or soft, 
preferably a soft gelatin c^sule for oral administration to a patient or subject. The term 
hydrosoluble is used to indicate the fact that the contents of the gelatin capsule, preferably a 
soft gelatin C2q>sule, are in a form which provides effective, rapid dissolution of the contents 
of the gelatin capsule in the gastric juices after the gelatin capsule dissolves in the patient's 
gastrointestinal tract. 

The term ''elevated tCTaperature" is used throughout the specification to describe a 
temperature above ambient temperature and generally within a range of about 40 to about 
SO^'C, preferably about 45-50*^0 to about SS-eO'^C. 

The temi ''substantially ubiquinone-firee"" is used throughout the specification to 
describe a composition which contsiins ubiquinol and little or no ubiquinone. A substantially 
ubiquinone-firee composition according to flie present invention is a composition whidi 
contains ubiquinol and ubiquinone in a weight ratio of no less than 9:1, preferably no less 
than 19:1, even more preferably no less than 99:1. In certain preferred embodiments 
according to the present invention which are "ubiquionone-fi^e", virtually no ubiquinone can 
be foimd in the ubiquinol used. 



The preset invention is directed to a conq)osition conq)rising an effective amount of 
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ubiquinol in combination with a reducing agent in an amount effective to substantially 
prevent oxidation of ubiquinol to ubiquinone and at least one surfactant or a vegetable oil 
(triglyceride), in an amount effective to solubilize the ubiquinol and said reducing agent, 
preferably in a hydrosohible form. The composition is then formulated in oral dosage form, 
preferably in a soft gelatm capsule. Alternatively, in preferred dermal formulations, the 
compositions mzy be formulated for use in creams and lotions to treat conditions of the skin 
such as wrinkles and suppositories for rectal and/or Vaginal delivery of coenzyme Q» In the 
case of lozenges, gum, moufii rinse and tootl^iaste, these formulations are preferably used for 
the treatment of periodontal and related gum diseases. 

In the present invention, the surfactant, where used, preferably comprises about 0.1% 
to about 95% by weight, preferably about 1% to about 95% by weight of the composition, 
more preferably about 5% to about 80% by weight, even more preferably about 10% to about 
75% by weight. The surfactant for use in the present invention is preferably a Tween*" 
surfactant or a Span*™ surfactant, preferably a mixture of a Tween^ surfactant and a Span*™ 
surfactant in aweight ratio range of about 30:1 to 2:1, more preferably about 15:1 to about 
5:1, even more preferably about 13:1 to about 5:1. Preferably, a mfacture of Tween*^ 80 and 
Span*™ 80 is used, optionally in combination with a solvent. While these weight ratios will 
serve to guide the relative amount and ratio of Tween*" surfactant and Span*" Surfectant to be 
included in compositions according to the present invration, one of ordinary skill will be able 
to readily adjust this ratio to accommodate the ubiquinol and the reducing agent in a 
compatible formula recognizing that the Span^ surfactants tend to be more oil soluble and the 
Tween*" surfactants tend to be more water soluble or dispersible. This information shall 
serve to guide the person of ordinary skill in formulating compositions according to the 
present invention, especially those formulations which do not make use of a lipid soluble 
reducing agent, but one which is more readily water/hydrophilic solvent soluble. 

The amotmt of triglyceride or vegetable oil which optionally may be used in the 
present invention may range fix>m about 0.1% to about 99%, more preferably about 5% to 
about 5% to about 90%, more preferably about 10% to about 85%, even more preferably 
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about 15% to about 75%. The amount of triglyceride included in compositions according to 
ttie present invention will depend upon the desired characteristics which are contributed by 
the triglyceride to the final composition^ For example, where the triglyceride is to be used in 
an amount effective to solubilize the ubiquinol and lipid soluble reducing agent, the amount 
of triglyceride utilized may be relatively high within flie proposed range, because there may 
be no need to include one or more surfactants and/or solvents according to the present 
invention. However, surfactants and/or solvents may optionally be added to such 
formulations. Where surfectants and optionally, solvents are added to the compositions 
according to the present invention, the amount of triglyceride which may be added to the 
composition may vary at the lower end of the range as set forth above, especially where the 
reducing agent is more hydrophilic in nature. Phosphoglycerides may also be added to 
enhance ttie effect of the triglycerides in solubilizing and/or compatabilizing the ubiquinol 
and/or the reducing agent These phosphoglycerides may also be added for their benefit as 
dietary supplements. 

Compositions according to the present invention are preferably formulated in oral 
dosage form, even more preferably in hard or soft gelatin capsules, more preferably soft 
gelatin capsules, as tiie oral dosage form. The gelatin capsule is generally taken by the 
subject orally. It is an une3q>ected result that the ubiquinol &om the soft gelatin oral dosage 
form results in a significantly enhanced bioavailability of ubiquinol (which is in equilibriimi 
with ubiquinone within the patient) compared to similar compositions which contain 
ubiquinone alone. 

Alternatively, in certain preferred formulations, the compositions may be fommlated 
for use in creams and lotions to treat conditions of the skin such as wrinkles and suppositories 
for rectal and/or vaginal delivery of coenzyme Q, In the case of lozenges, gum, mouth rinse 
and toothpaste, these formulations may be used generally for systemic delivery of coenzyme 
Q or locally, primarily for the treatment of periodontal and related gum diseases. 



Compositions according to Ibe present invention may also include a pharmaceutically 
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acceptable earner, excipieat or additive. Care must be taken to avoid having any one or more 
of these optional ingredients impact the solubility characteristics of the ubiquinol and 
reducing agent in the surfactant and/or vegetable oil. 

Although ubiquinol can be produced as a first step and then added to flie other 
components in maVrng oral dosage fomis according to the present invrntion, the preferred 
method is to provide for the in situ preparation of ubiquinol fix)m the less expensive and 
commercially available ubiquinone (ubiquinol is not commercially available.. In a preferred 
method of making compositions according to the present invention fit>m coen2yme Q as the 
starting material, the components other tiian the coenzyme Q and, in certain cases, the 
reducing agent are added together at elevated temperature (generally, at a temperature of 
about 45-80'' C, preferably at a temperature of about 50-60°C) until the components are 
thoroughly mixed. At the point of thorough mixing at elevated temperature, the components 
are in a liquid state. Subsequent to mixing of the components, coenzyme Q,o is added to the 
mixture at elevated temperature as described above and throughly mixed into the liquid 
components for a sufficient period- If the mixture to which the coenzyme Q is added contains 
an effective concentration of reducing agent, coenzyme Q wHl be converted to ubiquinol and 
the mixture can be used to provide oral dosage forms, preferably hard or soft gelatin capsules, 
even more preferably soft gelatin capsules. In preferred embodiments, after the coenzyme 
Qio is added, a reducing agent is thereafter added in an amount effective to convert the 
coenzyme Q to ubiquinol or alternatively, in an amount which not only is effective to convert 
coenzjone Q to ubiquinol, but also effective to maintain ubiquinol in its reduced state. 

The solubUized composition containing ubiquinol, a reducing agent and a surfactant, a 
vegetable oil or both, in its preferred liquid form is water-free and therefore, suitable for use 
in oral dosage fomi, preferably, in gelatin capsules, which are prepared by conventional 
means as those skilled in the art would readily recognize. In preferred embodiments 
according to the present invention soft gelatin capsules are used, although two-piece hard 
gelatin c^sules may be used (especially where the liquid composition at elevated 
temperature solidifies at room temperature). Hard gelatin capsules for use in the present 
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mvention are those which are well known in the art and comprise gelatin or 
hydroxypropyhnethyl cellulose or a related cellulosic material in combiantion with glycerin. 
Any other acGq)table formula which is well known in the art may also be used to provide two 
piece hard gelatin capsules. Soft gelatin capsules may comprise, for example, gelatin, 
glycerin and sorbitol as well as other components which are well known in the art. The 
gelatin capsules are genially tasteless, easy to swallow and they readily dissolve in the 
gastric juices of the digestive tract 

Alternatively, the compositions according to the present invention may be provided in 
tablet form using conventional tabletting methods well known in the art, for example, by 
adsorbing the composition onto a suitable solid carrier or excipient. The compositions 
according to the present invention can also be provided in a microencapsulated free flowing 
form. Enteric coated capsules or tablets are also contemplated by the present invention in 
Older to enhance delivery of ubiquinol from the upper gastrointestinal tract (primarily, the 
duodenum where most of the absorption occurs). Enteric coating capsules may be produced 
by coating a tablet with composition containing, for example, hypromellose phthalate, diethyl 
phthalate, polyethylene glycol or any other suitable composition containing phazmaceutically 
acceptable enteric coating ingredients. One of ordinary skill using standard pharmaceutical 
formulation and packaging practices will be able to readily prepare any one or more of the 
oral dosage forms according to the present invention. 

Alternatively, in certain preferred formulations, the compositions may be formulated 
for use in creams and lotions to treat conditions of the skin such as wrinkles using standard 
cosmetic and personal care product formulation techniques. In the case of suppositiories, 
compositions according to the present invention may be used in combination with an 
effective amount of a thickening agent to produce a formulation in suppository delivery form 
for rectal and/or vaginal delivery of delivery of coenzyme Q, In the case of lozenges, gum, 
mouth rinse and toothpaste, ttiese formulations are produced preferably to be used for the 
treatment of periodontal and related gum diseases. In each instance where particular 
formulation is to be used, standard formulary processes and additives may be used to 
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propduce the desired dosage foim. The requisite types and amoimts of additives, such as 
thickens, additional surfactants and/or solvents, flavors, coloring agents, emollients, 
humectants, fillers, and additional biologically active compounds (such as anti-caries agents 
and the like), etc. will be used in combination with a base formulation to produce the desired 
final products. 

The concentration of ubiquinol in the compositions according to the present invention 
will depend on absorption, distribution, inactrvation, and excretion rates of the ubiquinol and 
its metabolites as weU as other factors known to those of skill in the art. It is to be noted that 
dosage values will also vary with the severity of the condition to be alleviated. It is to be 
further understood that for any particular subject, specific dosage regimens should be 
adjusted over time according to the individual need and the professional judgment of the 
person administering or supervising the administration of the compositions, and that the 
concmtration ranges set forth herein are exemplary only and are not intended to limit the 
scope or practice of the claimed composition. The active ingredient, ubiquinol, may be 
administered at once, or may be divided into a number of smaller doses to be administered at 
varying intervals of time. 

The active compound of the present invention can also be mixed with other active 
materials that do not impair the d^ired action, or with materials that supplement the desired 
action provided that fbc added materials do not change the activity of the included 
compounds. 

Administration of the active may range from continuous (intravenous dap) to several 
oral administrations per day (for example, Q.LD.) and may include oral, topical, parenteral, 
intramuscular, intravenous, sub-cutaneous, transdermal (which may include a penetration 
enhancement agent), buccal and suppository administration, among other routes of 
administration. Enteric coated oral tablets, as an alternative to soft or hard gelatin capsules, 
may also be used to enhance bioavailability of the compounds from an oral route of 
administration. The most effective dosage form will depend upon the pharmacokinetics of 
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the particular agent chosen as well as the severity of ttie condition in the patient to be treated. 
Oral dosage fonns are particularly preferred, because of ease of adnmistration and 
prospective favorable patient compliance. Creams and lotions are preferred where skin 
conditions, especially wrinkles, are to be treated. Lozenges, gums, mouth rinse and 
toothpaste are preferred where periodontal disease and other conditions of the patient's gums 
are to be treated. 

To prepare the pharmaceutical compositions according to the present invention, an 
effective amount of ubiquionol in combination with a reducing agent and a surfactant or a 
vegetable oil is fomiulated in gelatin C2q)sules (hard or soft), or in altOTiative embodiments, is 
Ultimately admixed with a phannaceutically acceptable cam^ according to conventional 
pharmaceutical compounding techniques to produce a dose. A carrier may take a wide 
variety of fomis dependmg on the form of preparation desired for administration, e.g., oral or 
parenteral. In preparing pharmaceutical compositions in oral dosage form, any of the usual 
phamiaceutical media may be used. For solid oral preparations such as powders, tablets, 
capsules, and for solid preparations such as suppositories^ suitable carriers and additives 
including cyclodestrins, starches, sugar carriers, such as dextrose, mannitol, lactose and 
related carriera, diluents, granulating agents, lubricants, bind^ disintegrating agents and the 
like may be used. If desired, the tablets or capsules may be enteric-coated or sustained 
release by standard techniques. The use of these dosage forms may further increase the 
bioavailability of the conipounds in the patient. 

Liposomal suspensions (including hposomes targeted to viral antigens) may also be 
prepared by conventional methods to produce phannaceutically acceptable carriers, especially 
for parenteral delivery. This may be ^propriate for the delivery of ftee nucleosides, acyl 
nucleosides or phosphate ester pro-dmg forms of the nucleoside conipounds according to the 
present invention. 

Having generally described the invention, reference is now made to the following 
examples which are intended to illustrate preferred embodiments and comparisons. The 



wo 01/52822 



PCT/USOl/01997 



-21- 

included examples are not to be constraed as limiting the scope of this invention as is more 
broadly set forth above and in the appended claims. 

Example 1 

Oral Dosage Form of Ubiquinol WSarfactants 

This example sets forth a con^osition and method for providing a soft gelatin capsule 
which relies on the reduction of ubiquinone to ubiquinol utilizing lipid soluble reducing 
agents and the stabilization of the resulting hydioxoluble reduced fomi in a soft gelatin 
capsule. 

Procedure: 

Mix the following components in a suitable jacketed mixing vessel: 
Span 80 (1-15%); 

Glycerine, propylene glycol or other suitable polyhydric alcohol (1%-15%); 
TweenSO (20% to 90%); 

Medium Chain Triglycerides (MCT, 5% to 25%). 

After mixing the above components* the mixture is raised in temperature to 
about 55 °C Ct 5 **) while mixing constantly, 0.5% to about 10% of Coenzyme Q is fhm 
added to the above heated mix while stirring. The coaiizyme Q is thoroughly mixed into 
solution at elevated temperature for a p^od of from 1-2 hours. Then ascorbyl palmitate (or 
anotiier suitable reducing agent) is added in an effective amount ranging &om about 1% to 
about 15% by weight and the mixture at elevated temperature is stirred for 1 to 2 hours or at 
least until the mixture is a crystal clear bright orange- indicating that the reduction of 
ubiquinone to ubiquinol is complete. The mixing vessel is then connected to a cooling 
systOTi (cooled water) and while mixing, the heated mixture is cooled to room temperature 
(about 23 **C ± 3 **)• After the liquid is cooled to room temperature, the mixer is shut down 
and the cooling water is discozmected. The liquid is th^ transferred to a suitable stainless 
steel drum and the empty space in the drum is flushed with nitrogen. The drum is then 
sealed. The finished liquid is analyzed using HPLC using an electrochemical detector for 
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quantitative determination of ubiquinone and ubiquinol. The liquid is thereafter encapsulated 
in soft gelatin capsules containing an opacifier (TiOa) and colorant utilizing standard 
naanufacturing procedures. 

The final gelatin capsule has the following con^>onents (in percent by weight 
excluding gelatin capsule): 



Span 80 


5% 


Glycerine 


4% 


TweenSO 


65% 


MCT 


18% 


CoQ,o 


4% 


Ascorbyl Palmitate 


4% 



Example II 
Alternative Method 

This example sets forth a composition and method for providing a soft gelatin capsule 
whidi relies on the reduction of ubiquinone to ubiquinol utili2ing lipid soluble reducing 
agents and the stabilization of the resulting hydrosoluble reduced form in a soft gelatin 
capsule using vegetable oil. 

Procedure: 

Mix the following compoiients in a suitable jacketed mixing vessel: 

Vitamin E acetate (2-20%); 
Hydioxylated lecithin (2%-20%); 
Phosphatidyl chloline solution (20% to 50%); 

Mediimi Chain Triglycerides, other suitable vegetable oil (5% to 40%)- 
Gelucir«(5%to50%), 

After mixing the above components, the mixture is raised in temperature to 
about 55 °C Ct 5 while mixing constantly, 0.5% to about 10% of Coenzyme Q is then 
added to the above heated mix while stirring. The coenzyme Q is thoroughly mixed into 
solution at elevated temperature for a period of about 1 hour. Then ascorbyl palmitate (or 
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anofher suitable reducing agent) is added in an effective amount ranging from about 1 % to 
about 10% by weight and the mixture at elevated temperature is stirred for 1 to 2 hours or at 
least until the mixture is a clear solution- indicating that the reduction of ubiquinone to 
ubiquinol is complete. The mixing vessel is then connected to a cooling systmi (cooled 
water) and while mixing, the heated mixture is cooled to room temperature as in example 1 . 
After the liquid is cooled to room temperature, the mixer is shut down and the liquid is then 
transferred to a suitable stainless steel drum and the empty space in the drum is flushed with 
nitrogen. The drum is then sealed. The finished liquid is analyzed as in example 1 and 
thereafter encapsulated in soft gelatin capsules containing an opacifier (Ti02) and colorant 
utilizing standard manufacturing procedures. 

The final gelatin capsule has the following components (in percent by weight 
excluding gelatin capsule): 



Vitamine E acetate 6% 

Hydroxylated Lecithin 4% 
Phosphatiyl Choline Solution (52%) 32% 

MCT 20% 

Gelucire 30% 

CoQio 4% 

Ascorbyl Pahnitate 4% 



Example m 

Ubiquinol and Rice Bran or Palm Oil Concentrate Containing 
Tocotrienols and Tocopherols 

This example is directed to the preparation of a stable formulation of a hydrosoluble 
reduced form (ubiqumol) of Coenzyme QIO with a Rice Bran or Palm Oil concentration 
containing tocotrienols and tocopherols. 

Ptoced\u?e: mix Tween 80, Span 80, glycerin and palm oil or rice bran oil concentrate in a 
suitable jacketed mixing vessel. After mixing the above components, the mixture is raised in 
temperature to about 55 °C (±5'*) while mixing constantly. 0.1% to about 10% of Coenzyme 
Q is then added to the above heated mix while sturing. The coenzyme Q is thoroughly mixed 
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into solution at elevated temperature for a period of from 1-2 hours. Then ascorbyl palmitate 
(or another suitable reducing agent) is added in an effective amount ranging from about 0.1% 
to about 10% by weight and the mixture at elevated temperature is stirred for 1 to 2 hours or 
at least until the mixture is a crystal clear bright orange- mdicating that the reduction of 
ubiquinone to ubiquinol is complete. Alternatively, the palm oil concentrate or rice bran oil 
concentrate may be added after the initial reduction reaction takes place. After mixing is 
completed, tiie mixing vessel is then connected to a cooling system (cooled water) and while 
mixixig, the heated mixture is cooled to room temperature (about 23 ± 3 *"). After the 
liquid is cooled to room temperature, the mixer is shut down and the cooUng water is 
disconnected. The liquid is then transferred to a suitable stainless steel drum and the empty 
space in the drum is flushed with nitrogen. The drum is then sealed. The finished liquid is 
analyzed using HPLC using an electrochemical detector for quantitative determination of 
ubiquinone and ubiquinol. The hquid is thereafter enc^sulated in soft gelatin capsules 
containing an opacifier (TiOa) and colorant utihzng standard manufacturing procedures. 
Alternatively, the Uquid may be encapsulated in a two piece hard gelatin capsule. 

The final gelatin capsule has the following components (in percent by weight 
excluding gelatin capsule): 

Range Typical TX >yt. Percent 

(0.1% - 10%) CoOTzyme QIO 3.33% 

(10% - 50%) Tween 80 70.74% 

(0.5% - 1 5%) Span 80 5.09% 

(0. 1% - 10%) Ascorbyl Pahnitate 3.63% 

(0.1% - 10%) Glycerin 3.55% 

(10% - 90%) Pahn Oil Concentrate or Rice Bran 13.65% 

Oil Concentrate (source of mixed 1 00,00% 

tocotrienols and tocopherols) 

Advantages 

1. The use of ubiquinol improves bioavailabLlity of Coenzyme QIO. 

2. Reduced fomi of Coenzyme QIO provides an active, antioxidant form of CoQlO^ 

3. Liclusion of tocotrienols and tocopherols are naturally derived firom Pahn Oil or 
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Rice Bran OiL 

4. Combination of CoQlO and tocotrienols/tocopherols is particularly usefiil in 
reducing elevated cholesterol levels. 

Example TV 

TTbiqufnoI Mifh Oinega-3 Fatty Acids and Docosahexaenoic Acid (DHA) from 
Fish Body Oil Concentrate and/or Flaxseed Oil and/or Algae 

This example is directed to the preparation of a stable fonnulation of a hydrosoluble 
reduced form (ubiquinol) of Coenzyme QIO with Oraega-3 Fatty Acids from fish body oil 
and/or flaxseed oil and/or algae. 

Procedure: mix Tween 80, Span 80, glycerin or propylene glycol, medium chain triglycerides 
and fish oil concentrate in a suitable jacketed mixing vesseL After mixing the above 
components, the mixture is raised in temperature to about 55 °C (± 5 °) while mixing 
constantly. 0.1% to about 10% of Coenzyme Q is then added to the above heated mix while 
stirring. The coenzyme Q is tfaoroug^y mixed into solution at elevated temperature for a 
period of from 1-2 hours. Then ascorbyl palmitate and vitamin E acetate (or vitamin e or 
mixed tocopherols or another suitable reducing agent) is added and the mixture at elevated 
temperature is stirted for 1 to 2 hours or at least until the mixture is a crystal clear bright 
orange- indicating that the reduction of ubiquinone to ubiquinol is complete. Alternatively, 
the fish oil concentrate, flaxseed oil or algae derived omega-S-fatty acids may be added after 
the initial reduction reaction takes place. After mixing is completed, the mixing vessel is then 
connected to a cooling system (cooled water) and while mixing, the heated naixture is cooled 
to room temperature (about 23 ° C ± 3 °). After the Uquid is cooled to room temperature, the 
mixer is shut down and the cooling water is disconnected. The liquid is then transferred to a 
suitable staioless steel drmn and the empty space in the drum is flushed with nitrogen- The 
dnmi is then sealed. The finished liquid is analyzed using HPLC using an electrochemical 
detector for quantitative detemiination of ubiquinone and ubiquinol. The liquid is thereafter 
enc^sulated in soft gelatin capsules containing an opacifier (Ti02) and colorant utilizng 
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standard manufacturing procedures. Alternatively, the liquid may be encapsulated in a two 
piece hard gelatin capsule. 

The final gelatin capsule has the following components (in percent by weight 
excluding gelatin capsule): 

Ran ge Typjgal Tx Wt Percent 

(0.1% - 10%) Coenzyme QIC 1,53% 

(5% - 50%) Tween 80 30.64% 

(0,5% - 15%) Span 80 2.34% 
(0.1 - 25%) Vitamin B Acetate 

1.22% 

(0.1% - 10%) Ascorbyl Pahnitate 1.53% 

(0.1% - 25%) Medium Chain Triglycerides 5.35% 

(0,1% - 10%) Glycerin or Propylene Glycol 1.63% 

(10% - 90%) Fish Oil Concentrate 55.75% 

CRich in Omega-3 fatty acids) 1 00.00% 

Advantages 

1 . The use of ubiquinol improves bioavailability of Coenzyme Ql 0. 

2- Reduced form of Coenzyme QIO provides an active, antioxidant fomi of CoQlO^, 

3. Inclusion offish oil concentrate/flaxseed oil and/or DHA (algae derived) in dosage 

form 

Providing improved bioavailability. 

4. Combinafion of CoQlO and omega-3 fetty acids csqpable of 
Treating cardiomyopathies, high blood pressure, witii combined reduction 

In levels of triglycerides in the blood. 



Example V 

Ubiquinol Intensive Anti-Wrinkic Soft Cream with Alpha-Hydroxy Acids 
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Active ingredient: 
Base Ingredients: 



Ubidecarenone (Coenzyme Q,q) 



Sorbitan Monooleate NF 



Glycerin USP 

Polysorbate 80 NF 

D-Alpha Tocopherol Cone. F.C.C. 

Ascoibyl palmitate (% ascorbyl pahnitate > % of ubiquinone in sample) 

Medium Chain Triglycerides 

IMWITOR 370 (Glyceryl Stearate Citrate) 

MIGLYOL 812 (C^rylic/Capric Triglyceride) 

SOFTISANT 601 (Glycerol Cocoate and Hydrogenated Cocoanut 

Oil and Cetearefh - 2S) 
EWALAN ODE^SO (Octyldodecyl Lanolaet) 
Pronalm Fuir Acid AHA-5 (Lemon and Passion Fruit Concentrate) 
Preservative 
Purified Wacter 

Perfimie Exemplary 



Procedure: mix sorbitan monooleate NF, polysorbate 80 NF, glycerin and medium chain 
triglycerides in a suitable jacketed mixing vessel. After mixing the above components, the 
mixture is raised in temperature to about 55 (±5^) while mixing constantly 0.1% to about 
10% of Coenzyme Q is then added to the above heated mix while stirring. The coenzyme Q 
is thoroughly mixed into solution at elevated temperature for a period of fix>m 1-2 hoinrs. 
Then the alpha tocopherol and ascoii>yl palmitate (or other suitable reducing agent) are added 
and the mixture at elevated temperature is stirred for 1 to 2 hours or at least untU the mixture 
is a crystal clear bright orange- indicating that the reduction of ubiquinone to ubiquinol is 
com|>lete. The remaining components are added thereafter at elevated temperature in order to 
ensure a imiform product. The product (a cream) may be packaged using standard packaging 



procedures. 



Example VI 

Ubiquinol Suppository Formula (RectalA^aginal) 



Active Ingredient: 



Ubidecarenone (Coenzyme Q,o) 



Base Ingredients: 



CovitolFlOOO 
Ascorbyl Palmitate 
Span 80 NF 
TweenSONF 
Glycerin USP 
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Medium Chain Triglycoides 
Soflisan 378 
Soflisan 100 

Exemplary Procedure: mix Span 80 and Tween 80, glycerin and medium chain triglycerides 
in a suitable jacketed mixing vessel. After mixing the above components, the mixture is 
raised in temperature to about 55 ^^C (± 5 °) while mixing constantly. 0, 1% to about 10% of 
Coenzyme Q is then added to the above heated mix while stirring. The coenzyme Q is 
thoroug^y mixed into solution at elevated temperature for a period of fix>m 1-2 hours. Then 
the ascorbyl palmitate (or otiier suitable reducing agent) is added and the mixture at elevated 
temperature is stirred for 1 to 2 hours or at least until the mixture is a crystal clear bright 
orange- indicating that the reduction of ubiquinone to ubiquinol is complete. The remaining 
compon^ts are added thereafter at elevated temperature in order to ensure a uniform product. 
The thoroughly mixed product may be formed into suppositories using standard procedures. 

Example VH 
Ubiquinol Suppository Formula (RectalA^aglnal) 

Active Ingredient: Ubidecarenone (Coenzyme Qiq) 

Base Ingredients: Covitol F 1 000 

Ascorbyl Pahnitate 
Span 80 NF 
Twera 80 NF 
Glycerin USP 

Medium Chain Triglycerides 
WITEPSOLH-32 

Bxemplary Procedure: mix Span 80 and Twe^ 80, glycerin and medium chain triglycerides 
in a suitable jacketed mixing vessel. After mixing the above components, the mixture is 
raised in temperature to about 55 °C Ct 5 while mixing constantly. 0.1% to about 10% of 
Coenzyme Q is then added to tiie above heated mix while stirring. The coenzyme Q is 
thoroughly mixed into solution at elevated temp^ture for a period of from 1-2 hours. Then 
the ascoibyl palmitate (or oth^ suitable reducing ag^t) is added and the mixture at elevated 
temperature is stirred for 1 to 2 hours or at least until the mixture is a crystal clear bright 
orange- indicating that the reduction of ubiquinone to ubiquinol is complete. The remaining 
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components are added thereafter at elevated temperature in order to ensure a uniform product. 
Ite thoroughly mixed product may be formed into suppositories using standard procedures. 

Example Vm 
Ubiquinol Toothpaste 

Active Ingredient: Ubidecarenone (Coem^yme Qio) 

Base Ingredients: Sorbitan Monooleate NF 
Glycerin USP 
Polysorbate 80 NF 
D-Alpha Tocopherol Cone. F.CC* 

Ascorbyl palmitate (wL % ascorbyl pahnitate. > % of ubiquinone) 

Medium Chain Triglycerides 

Purified Water 

Hydrated Silica 

Sorbitol 

Tetrapotassium Pyrophosphate 
PEG-6 

Disodium Pyrophosphate 
Tetrasodium Pyrophosphate 

Sodium Lauryl Sulfate 

Flavor 

XanthanGum 
Sodium Saccharin 
Carbomer 956 
FD&CNo. 1 

Exemplary Procedure: mix Sorbitan Monooleate and Polysorbate 80, glycerin and mediimi 
chain triglycerides in a suitable jacketed mixing vessel. After mixing the above components, 
the mixture is raised in temperature to about 55 C (± 5 while mixing constantly, 0. 1 % to 
about 10% of Coenzyme Q is then added to the above heated mix while stirring. The 
coenzyme Q is thoroughly mixed into solution at elevated temperature for a period of firom 1- 
2 hours. Hien the alpha tocopherol and asooibyl palmitate (or other suitable reducing agent) 
are added and the mixture at elevated temperature is stirred for 1 to 2 hours or at least until 
the mixture is a crystal clear bright orange- indicating that the reduction of ubiquinone to 
ubiquinol is compile. The remaining components are added thereafter at elevated 
tcmpeiabm (thickeners to be added last to provide paste-like viscosity) in order to ensure a 
unifoma toothpaste product The thoroughly mixed product may be packaged in tabes using 
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Example IX 
Ubiquinol Toothpaste Alternative 1 

Active IngredieiLt: Ubidecarenone (Coen2yme Q,q) 

Base Ingredients: Sorbitan Monooleate NF 
Glycerin USP 
Polysoibate 80 NF 
D-Alpha Tocopherol Cone. F.QC. 

Ascorbyl palmitate (wt. % ascoifoyl pabnitate > wt % ubiquiaone) 

Medixim Chain Triglycerides 

Purified Water 

Calcium Carbonate 

Calcium Carageenan 

Cellulose Gum 

Sorbitol 

PBG-8 

Hydrated Silica 
Sodium Lauiyl Sulfate 
Flavor 

Sodium Saccharin 
Sorbitol 

Sodium Benzoate 
D&CRed#30Lake 
Yellow #10 Lake 
FD & C Blue #1 Lake 
Flavor 

Titanium Dioxide 

Exemplary Procedure: mix Sorbitan Monooleate and Polysoibate 80, glycerin and medimn 
chain triglycerides in a suitable jacketed mixing vessel. After mixing the above components, 
+-the mixture is raised in temperature to about 55 •'C (+ 5 while mixing constantly. 0. 1% to 
about 10% of Coenzyme Q is then added to the above heated mix while stirring. The 
coenzjone Q is thoroughly mixed into solution at elevated temperature for a period of fiom 1- 
2 hours. Then the a^ha tocopherol and ascorbyl palmitate (or other suitable reducing agent) 
are added and the mixture at elevated t»q)erature is stirred for 1 to 2 hoiurs or at least until 
the mixture is a crystal clear brigjht orange- indicating that the reduction of ubiquinone to 
ubiquinol is complete. The remaining components are added tiiereafter at elevated 
temperature (thickeners to be added last to provide paste-like viscosity) in order to ensure a 
uniform toothpaste product* The thoroughly mixed product may be packaged in tubes using 
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standard procedures. 

Example X 
Ubiquinol Toothpaste Alternative 2 

Active Ingredient: Ubidecarenone (Co«izyme Q,o) 

Base Ingredients: Sorbitan Monooleate NF 
Glycerin USP 
Polysorbate 80 NF 
D-Alpha Tocopherol Cone. F.C.C. 

Ascorbyl palmitate (wt. % asooibyl pahnitate > wt* % ubiquinone) 
Medium Chain Triglycerides 
Purified Water 

Dicalcium Phosphate Dihydrate 
Sorbitol 

Tetrasodium Pyrophosphate 
Sodium Lauryl Sulfate 
Flavor 

Sodium Saccharin 
Cellulose Gum 



Exemplary Procedure: mix Sorbitan Monooleate and Polysorbate 80, glycerin and medium 
chain triglycerides in a suitable jacketed mixing vessel. After mixing the above components, 
the mixtaro is raised in temperature to about SS^'C (+.5°) while mixing constantly, 0.1% to 
about 10% of Coenzyme Q is then added to the above heated mix while stirring. The 
coenzyme Q is thoroughly mixed into solution at elevated t©aiperature for a period of fix)m 1- 
2 hours. Then the alpha tocopherol and ascorbyl pahnitate (or other suitable reducing agent) 
are added and the mixture at elevated temperature is stirred for 1 to 2 hours or at least until 
flie mixture is a crystal clear bright orange- indicating feat fee reduction of ubiquinone to 
ubiquinol is complete. The remaining components are added feereafler at elevated 
temperature (thickeners to be added last to provide paste-like viscosity) in order to ensure a 
uniform toothpaste product. The feoroughly naixed product may be packaged in tubes using 
standard procedures. 
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It is to be understood by those skilled in the art that the foregoing description and exaniples 
are illustrative of practicing the present invention, but are in no way limiting. Variations of 
the detail presented herein may be made without departing from the spirit and scope of the 
present invention as defined by tiie following claims. 
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Claims: 

1 . A composition comprising ubi quinol and an amoimt of a reducing agent effective 
to reduce or eliminate the oxidation of said ubiquinol to ubiquinone; said composition further 
comprising an amount of a surfactant or vegetable oil or mixtures, thereof and optionally, a 
solvent effective to solubilize said ubiquinol and said reducing agent 

2. The composition according to claim 1 wherein said reducing agent is selected fiom 
the group consisting of reduced glutathione, L-cysteine, N-acetyl cysteine, reduced alpha- 
lipoic acid, tocotrienols, tocopherols, vitamin E, vitamin E esters, vitamin c, vitamin c esters, 
vitamin A (retinol, retinoic acid), vitamin A esters, alpha carotene, beta carotene, lutein, 
zeaxanthin, astaxanthin, lycopene, flavonoids, L-camitine, acetyl L-camitine, propionyl L- 
camitine, magnesium, zinc, selenium, manganese, riboflavin, niacinamide, curcuminoids, 
proanthocyanidins, NADH, NADPH, resveratrol, bilberry extract, millc thistle extract, retinol, 
retinoic acid^ retinoic acid esters, retinal, omega-3-&tty acids and mixtures, thereof. 

3. The composition according to claim lor 2 wherein said reducing agent is selected 
from the group consisting of a-tocopherol, tocopherol esters, ascorbate esters, alpha carotene 
and p-carotene, lycopene, flavonoids, riboflavin, curcuminoids, retinol (Vitamin A), retinoic 
acid, retinoic acid esters, retinol acetate, retinal and mixtures, thereof. 

4. The composition according to any of claims 1-3 wherein said surfactant is selected 
from the group consisting of complex ester or ester-ether surfactants prepared from 
hexahydric alcohols, alkylene oxides and fatty acids, polysorbate surfactants and mixtures 
thereof, 

5. The composition according to claim 4 wherein said complex ester or ester-ether 
sur&ctant is a compound according to the stmcture: 
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where R is a fiitty acid residue selected from lauroyl, stearoyl and oleoyL 

6. The composition according to claim 5 wherein R is oleoyL 

7. The composition according to any of claims 1-4 wherein said surfactant is a 
polysorbate surfiactant according to the structure: 



HO(C2H40 )w ^^x(OC2H40)xOH 



^ CH(OC2H40)yOH 
H2C(OC2H40)zR 



where R is an oleoyl group. 

8. The composition according to any of claims 1-4 wherein said surfactant is a 
mixture of a comply ester or ester-ettier surfactant prepared from hexahydric alcohols, 
alkylene oxides and fritty acids and a polysorbate surfactant. 
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9. The composition according to claim S wherein said complex ester or ester-efher 
surfactant is a compound according to the structure: 



O ^CH20CX)R 



^^v^ ^ ^HOHCHjOCOR 
HO V}H 



R«- Fatly add lesidoes 



where R is a &tty acid residue selected firom lauroyl, steaioyl and oleoyl. 

10. The composition according to claim 8 wherein said polysorbate surfactant is a 
compound according to the structure: 



HO(C2H40 )w. 




^^,(0C2H4O)i,OH 



<^(OC2H40)yOH 
H2C(OC2H40)jR 



where R is an oleoyl group. 



1 1 . The composition according to any of claims 1-10 wherein said vegetable oil 
comprises medium chain triglycerides. 
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12. The composition acxx>tiding to any of claims 1-10 wherein said vegetable oil is 
selected 6x>m the group consisting of soybean oil, sunflower oil, safHower oil, cottonseed 
oil, castor oil, rapeseed oil, coconut oil, palm oil and nuxtures thereof.. 

13. The composition accoiding to any of claims 1-12 further comprising an efifective 
amount of a HMG CoA reductase inhibitor dmg. 

14. The composition according to claim 13 wherein said inhibitor drag is a statin 
dmg selected from the group consisting of lovastatin, pravastatin, fluvastatin, simvastatin, 
mevastadn, fluiudostatirL 

15. The composition according to any of claims 1-14 further comprising an effective 
amount of alpha lipoic acid. 

16. The composition according to any of claims 1-15 wherein said reducing agent is 
an omega-3 fatty acid or mixture of omega-3-faHy acids. 

17. The composition according to any of claims 1-15 wherein said reducing agent is 
selected from the group consisting of tocotrienols, tocoph^ols and mixtures, thereof. 

18. The conqiosition according to any of claims 1-2 and 4-15 wherein said reducing 
agent is selected from the group consisting of L-camitine, acetyl L-camitine, propionyl Lr- 
carnitine and mixtures, thereof. 

19. The composition according to any of claims 1-18 wherein said solvent is ethanol 
or a polyhydric alcohol selected from the group consisting of glyc^in, propyl^e glycol and 
mixtures thereof 

20. The composition according to any of claims 1-19 in pharmaceutical dosage form. 
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21. The compositioii according to any of claims 1-19 in parenteral dosage form. 

22. The composition according to any of claims 1-19 in topical dosage fomi. 

23. The composition according to any of clainois 1-19 and 22 which is formulated into 
a cream or lotion for deraial application. 

24. The con^osition according to any of claims 1-19 and 20 which is formulated into 
a lozenge, gum, mouth rinse or toothpaste. 

25. The composition according to any of claims 1-19 which is further foraixilated into 
a suppositoiy. 

27. A composition in oral dosage form comprising: ubiquinol; an amount of a 
reducing ag&st effective to reduce or eliminate the oxidation of said ubiquinol to ubiquinone; 
and an amount of a surfactant, a vegetable oil or mixture, thereof and optionally, a solvent, 
effective to solubilize said ubiquinol and reducing agent, said oral dosage fomi being 
formulated into a gelatin c£q>sule or tablet 

28. The composition according to claim 27 wherein said reducing agent is selected 
fipom the group consisting of reduced glutathione, L-cysteine, N-acetyl cysteine, reduced 
alpha-lipoic acid, tocotrienols, tocopherols, vitamin E, vitamin E esters, vitamin c, vitamin c 
esters, vitamin A (retinol, retinoic acid) and vitamin A esters, alpha carotene, beta carotene, 
lutein, zeaxanthin, astaxanthin, lycopene, flavonoids, L-camitine, acetyl L-camitine, 
propionyl L-camitine, magnesium, zinc, selenium, manganese, riboflavin, niacinamide, 
curcxnninoids, proanthocyanidins, NADH, NADPH, resveratrol, bilberry extract, milk thistle 
extract, retinol, retinoic acid, retinoic acid esters, retinal, omega-3-&tty acids and mixtures, 
thereof. 

29. The composition aocordmg to either claim 27 or 28 wherein said reducing agent 
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is selected fix>m the groxip consistmg of a-tocopherol, tocopherol esters, ascorbate esters, 
alpha carotene aad P-carotene, lycopene, flavonoids, riboflavin, curcuminoids, retinol 
(Vitamin A), retinoic acid, retinoic add esters, retinol acetate, retinal and mixtures, thereof. 

30. The composition according to any of claims 27-29 wherein said surfactant is 
selected from the grot^ consisting of complex ester or ester-ether surfactants prepared &om 
hexahydric alcohols, alkylene oxides and &tty acids, polysorbate surfactants and mixtures 
thereof. 

31. The composition according to any of claims 27-30 wherein said complex ester or 
ester-ether surfactant is a compound according to the structure: 




OCOR 

" RspbUyacidfeadues ' 

where R is a fatty acid residue selected from lauroyl, stearoyl and oleoyl. 

32. The composition according to any of claims 3 1 wherein R is oleoyl. 

33. The composition according to any of claims 27-30 wherein said sur&ctant is a 
polysorbate surfactant accordiiig to the structure: 



XXX 
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HO(C2H40 )w. 




• CH(OC2H40)yOH 
H2CCOC2H40)^R 



where R is oleoyL 

34. The composition according to any of claim 27-30 wherein said surfactant is a 
mixture of a complex ester or ester-ether surfactant prepared from hexahydric alcohols, 
alkylene oxides and fatty acids and a polysorbate sur&ctant. 

35. The composition according to claim 34 wherein said complex ester or ester-ether 
sur&ctacant is a compound according to the structure: 



where R is a fatty acid residue selected fix)m lauroyl, steaioyl and oleoyl. 

36. The composition according to claim 34 wherein said polysorbate sur&ctant is a 
compound according to the stmcture: 




HO 




..CHOHCHjOCOR 




R » Fatty add residues 
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H0(C2H4O V 




,(OC2H40)xOH 



• CH(OC2H40)yOH 
H2C(OC2H40)iR 



where R is an oleoyl groi^. 

37. The composition according to any of claims 27-36 wh^ein said vegetable oil 
comprises medium chain triglycecides. 

38. The composition accordiag to any of claims 27-36 wherein said vegetable oil is 
selected from the group consisting of soybean oil, sunflower oil, safflower oil, cottonseed 
oil, castor oil, rapeseed oil, coconut oil, palm oil and mixtures thereof. 

39. The composition according to any of claims 27-38 further comprising an effective 
amount of a HMG CoA reductase inliibitor drug. 

40. The composition according to claim 39 wherein said inhibitor dmg is a statin 
drug selected from the group consisting of lovastatin, pravastatin, fluvastatin, simvastatin, 
mevastatin, fluindostatin. 

41. The composition according to any of claims 27-40 further comprising an effective 
amoimt of alpha lipoic acid. - 

42. The composition according to any of claims 27-28 and 30-41 wherein said 
reducing agent is an omega-3 fatty acid or mixture of omega-3-fatty acids. 



43. The composition according to any of claims 27-28 and 30-41 wherein said 
reducing agent is selected from the group consisting of tocotrienols, tocopherols and 
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44. The composition according to claims 27*-28 and 30-41 wherein said reducing 
agent is selected from tiie group consisting of L-caniitine» ac^l-L-camitine, propionyl L- 
caroitine, carnitine fumarate and mixtures, thereof. 

45. The composition according to any of claims 27-44 wherein said solvent is ethanol 
or a polyhydiic alcohol selected from the group consisting of glycerin, propylene glycol and 
mixtures thereof. 

46. A method of preparing a composition in pharmaceutical dosage form comprising 
an effective amount of ubiquinol, said method comprising: 

i. SolubUizing ubiquinone in a mixture comprising at least one solubilizer selected 
firom the group consisting of a surfactant, a vegetable oil and mixtures thereof, and optionally, 
a solvent, at elevated temperature to form a solution; 

iL Adding to the solution in step i an amount of a reducing agent efifective to reduce 
ubiquinone to ubiquinol; and 

iii. Adding said solution containing an efiTective amount of ubiquinol of step ii to a 
hard or soft gelatin c^sule to produce an oral dosage foim or to phaimaceutically acceptable 
additives, carriers or exdpients to provide a dietary supplement or cosmetic or 
phamiaceutical composition. 

47. The method according to claim 46 wherein said solution in step iii is added to a 
soft gelatin capsule. 

48. The method according to claim 46 or 47 wherein said surfactant is selected firom 
the group consisting of complex ester or ester-ether surfactants prepared from hexahydric 
alcohols, alli^lene oxides and fatty acids, polysorbate surfactants and mixtures thereof 

49. The method according to claim 48 wherein said complex ester or ester-ether 
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siir&ctaiit is a compound acx>ording to the structure: 




R « Fattjr add residues 



where R is a fatty acid residue selected &om lauroyl, stearoyl and oleoyL 

50. The method according to claim 49 wherein R is oleoyL 

5 L The method according to any of claims 48 wherein said sur&ctant is a 
polysorbate surfactant accordfaig to the structure: 



HO(C2H40)w ^,.(OC2H40),OH 



CH(OC2H40)yOH 
H2C(OC2H40)zR 



where R is oleoyL 

52. The method according to any of claims 46-48 wherein said surfactant is a mixture 
of a complex ester or ester-ether surfactant prepared from hexahydric alcohols, alkylene 
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oxides and fatty acids and a polysorbate surfactant 

53. The method according to claim 52 wh^em said complex ester or ester-ether 
surfactacant is a compound according to ttie structure: 



O ^CH2pCOR 



A^.CHOHCHsQCOR 



R — Fatty add residues 



where R is a fatty acid residue selected fix>m lauroyl, stearoyl and oleoyl. 

54. The method according to claim 52 or 53 wherein said polysorbate surfectant is a 
compotmd according to the structure: 



HO(C2H40 )w ^,.(OC2H40)xOH 




CH(OC2H40)yOH 
H2C(OC2H40)zR 



where R is an oleoyl group. 

55. The method according to any of claims 46-54 wherein said vegetable oil 
conqxrises mediiun chain triglycerides. 
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56. The composition according to any of claims 46-54 wherein said vegetable oil is 
selected from the group consisting of soybean oil, sunflow^ oil, safflower oil, cottonseed 
oil, castor oil, rapeseed oil, coconut oil, palm oil and mixtures thereof.. 

57. The method accordbig to any of claims 46-56 wiierein said solvit is selected 
from tiie group consisting of ethanol, propylene glycol, glycerin and mixtures, thereof. 

58. The metiiiod according to any of claims 46-57 wherein said composition is in 
parenteral dosage form. 

59. The method according to any of claims 46-57 wherein said composition is in 
topical dosage form. 

60. A method for increasing the bioavailability of ubiquinone from an orally or 
topically administered composition comprising administering to a subject a composition 
comprising an effective amount of ubiquinol in oral or topical dosage form. 

61 . The method according to claim 60 wherein said composition is storage stable and 
further comprises an amount of a reducing agent effective to reduce or prevent the oxidation 
of ubiquinol to ubiquinone. 

62. A method of preparing a storage stable composition in oral dosage form 
comprising an effective amount of ubiquinol, said metiiod comprising preparing a mixture of 
ubiquinol in combination with an amoimt of a reducing agent effective to reduce or prevent 
the oxidation of ubiquinol to ubiquinone during storage of said composition and a solubilizer, 
and adding said mixture to a hard or soft gelatin capsule, or to phamiaceutically acceptable 
additives carriers or excipients. 

63. The method according to claim 68 wherein said mixture is in the form of a 
solution Eind said solution is added to a soft gelatin c^sule. 
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64. A method of treating a condition or disease in a patient, said condition or disease 
being selected firom the group consisting of congestive heart failure, hig^ blood pressure, 
mitochondrial cytopathy, anoxia, lactic acidosis, strokelike symptoms, neurodegenerative 
diseases, said method comprising administering an effective amount of ubiquinol to said 
patient in oral dosage fomi. 

65. The method according to claim 64 wherein said mitochondrial cytopatiiy is 
mitochondrial encephalopathy, Keams-Sayre disease, Alpers disease, mitochondria] 
encephalopathy with lactic acidosis and stroke-like episodes (MELAS) and Levers hereditary 
optical neuropathy (LHON). 

66. A method of treating a condition or disease state in a patient, said condtion or 
disease state being selected from the group consisting of periodontal disease, elevated 
cholesterol levels, elevated triglyceride levels and a weakened immime syst^n, said method 
comprising administering to said patient in need th^eof, an effective amount of a 
composition comprising ubiquinol and a reducing agent, said composition being substantially 
ubiquinone-free. 

67. A method of preventing or reducing the likelihood of a patient at risk of suffering 
a first or subsequent heart attack from having a heart attack, said method comprising 
administering to said patient in need thereof, an effective amount of a composition 
comprising ubiquinol and a reducing agent, said composition being substantially ubiquinone- 
free. 

68. The method according to dailm 67 wherein said composition further comprises a 
compoimd selected from the group consisting of statins, tocotrienols, tocopherols, omega-3 
fatty acid and miictures thereof. 

69. A method of treating anoxia in a patient in need thereof comprising administering 
to said patient in need an effective amount of a composition comprising ubiquinol, a reducing 
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agCTt and L-camitine, acetyl-L^amitine^ propionyl L-camitine or carnitine fumarate, said 
composition being ubiquinone-free. 

70. The method according to claim 68 herein said reducing agent is L-camitine or 
acetyl-L-camitine. 

71. Use of a composition for the manufacture of a medicament for treating a 
condition selected from the group consisting of congestive heart failure, high blood pressure, 
mitochondrial oytopathy, anoxia, lactic acidosis, strokelike symptoms, neurodegen^ative 
diseases, said composition comprising a mixture of ubiquinol in combination with an amount 
of a reducing agent effective to reduce or prevent the oxidation of ubiquinol to ubiqviinone 
during storage of said composition and an effective amount of a solubilizer, optionally 
including a solvent. 

72. The use acconling to claim 71 wherein said mitochondrial C3^opatfay is 
mitochondrial encephalopathy, Keams-Sayre disease, Alpers disease, mitochondrial 
encq)halopathy with lactic acidosis and stroko-hke episodes (MELAS) and Levers hereditary 
optical neuropathy (LHON). 
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This International Searching Authority found multiple inventions in this incecnational appUcatbn, as follows: 



1. I I As all required additional search fees were timely paid by the applicant, diis international search report covers all searohable 

claims, 

2. [~] As aU searchable claims oould be searehed without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. I I As only some of the required additional seareh fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically clahns Nos.: 



4. J I No required additional search fees were timely paid by the applicanL Consequently, tlus international search report is 
^■"^ restricted to the invention first mentioned hi the ofahns; it is covered by olauns Nos.: 



Remark on Protest The additional search fees were accompanied by the applicant's protest. 

I I No pretest accompanied the payment of additional search fees. 
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